Knowledge about characteristics shared across known members of a protein family enables their identification within the complete set of proteins in an organism. Shared features are usually expressed through motifs, which can incorporate specific patterns and even amino acid (AA) biases. Based on a set of classification patterns and biases it can be determined which additional proteins may belong to a specific family and share its functionality. A bioinformatics tool (Prot-Class) was implemented to examine protein sequences and characterize them based upon user-defined AA composition percentages and user defined AA patterns. In addition the tool allows for the identification of repeated AA patterns, biased AA compositions within windows of user-defined length, and the characteristics of putative signal peptides and glycosylphosphatidylinositol (GPI) lipid anchors. ProtClass is general purpose and can be applied to analyze protein sequences from any organism. The Prot-Class source code is available through the GNU General Public License v3 and can be accessed via the Google Code Repository: http://code.google.com/p/prot-class/.
INTRODUCTION
The genomics era has generated enormous amounts of nucleotide and amino acid sequence data, resulting in the identification of gene sequences and their corresponding protein sequences. The identification and characterization of genes and their associated protein functions remain a major goal in biology. Associated with this goal is the identification and classification of genes/proteins into related families and subfamilies. This paper presents a bioinformatics tool (Prot-Class), which analyzes protein sequences and classifies them using user-defined amino acid (AA) signatures, given through AA composition percentages and AA query sequences.
Prot-Class is useful in identifying proteins with known signatures, but can also be useful in the characterization of novel proteins. Once such analysis is completed, the protein sequences can be analyzed further by Prot-Class to reveal repeated AA sequences, biased AA compositions within a user-defined window, and putative signal peptide sequences responsible for extracellular secretion and glycosylphosphatidylinositol (GPI) lipid anchor addition sequences allowing for attachment of the protein to the plasma membrane. Prot-Class has advantages over conventional BLAST searches [1] used for identifying related gene/protein families and subfamilies, particularly for proteins with AA compositional biases or characteristic sequence motifs, as Prot-Class allows for the identification of related genes/proteins showing low sequence similarities.
Prot-Class was originally developed to mine the 28,952 protein sequences generated from the Arabidopsis thaliana genome project for hydroxyproline-rich glycolproteins (HRGP) sequences. HRGPs are a family of extracellular matrix proteins found throughout the plant kingdom which function in various aspects of plant growth and development. The HRGP family is divided into three families, the arabinogalactan-proteins (AGPs), extensins (EXTs), and proline-rich proteins (PRPs). The tool was used (under the name Bio Ohio) to successfully mine the data, and the biological implications of this work are published [2] . This paper describes how the tool works and illustrates its biological utility as a general-purpose application.
There are two general approaches to classifying proteins: Alignment-based and non-alignment based. Nonalignment based methods, such as the one described in this paper, also include using string kernels and profiling distributions of four contiguous amino acids in known protein families (e.g. a ≥50% bias of proline, alanine, serine and threonine in AGPs). Alignment based methods include building blocks of alignments and matching unknown protein sequences against these blocks to correlate many connections at once.
The method of protein classification by string kernels has the benefits of being computationally cheap and does not require prior knowledge of the sequences. Classifying in this manner has produced highly accurate results, but not substantially better than any other methods [3, 4] . Another non-alignment based method is to profile a protein family using its distribution of four amino acids, then profile an unknown sequence, and finally match the profile signatures [5] . For alignment-based methods, there is generally the concern that it is computationally expensive and not scalable in regard additional sequences being submitted to the various databases. In order to address this concern, a method of combining highly conserved locally aligned sequences into blocks has been developed. This allows for the unknown sequence to be matched against these blocks to facilitate faster alignment searching [6, 7] . None of these alignment-based methods are done in a modular manner that allows for additional plug-in of functionality. The modular approach implemented by Prot-Class, however allows for additional functionality to be added easily. Prot-Class offers the benefit of allowing a user to add annotations, to save them for further work, and to download them. Prot-Class also integrates a set of important software features into one tool and allows for studying any family of proteins.
METHODS
Prot-Class, applied as a tool for the classification of proteins based on AA signatures (e.g., AA biases and/or string-based patterns), has nine major modules that communicate via an integrated framework (Figure 1) .
The string-based pattern-matching feature of ProtClass allows the use of protein motifs, manifested as straightforward subsequences or short degenerate AA sequences using Perl-based regular expressions, as pattern-based classifiers in order to assign specific proteins with predefined labels. With respect to the EXT subfamily of the HRGPs in Arabidopsis, the motifs SP 3 and SP 4 (SPPP and SPPPP, respectively) were identified and used as EXT classifiers in Prot-Class [2] .
Prot-Class allows the user to select or modify a spe- cific AA bias. This AA bias-based pattern matching feature acts as a filter on the AA composition of a protein sequence. If a user-specified set of AAs covers at least a user-specified percentage of the sequence, the corresponding protein is classified as belonging to the family or subfamily in question. An application of the AA bias filter is presented in Schultz et al. [8] , where a bias of ≥50% for proline (P), alanine (A), serine (S) and threonine (T) was required to classify a sequence as being a member of the AGP subfamily within the family of HRGPs. The secretion of HRGPs to the plant cell wall is controlled by N-terminal signal peptides, which allow proteins to enter the cellular secretory pathway associated with the endoplasmic reticulum and Golgi apparatus. In addition, some AGPs are known to be associated with the plasma membrane through the presence of a C-terminal GPI lipid anchor. Signal peptide prediction can be achieved through existing approaches available through the opensource community. Prot-Class is using the BioPerl module Sigcleave. The GPI anchor prediction, native to the presented tool, is conducted by detecting and filtering possible omega sites (i.e., sites where the protein is cleaved and joined with the GPI lipid anchor) in a generally hydrophobic, C-terminal portion of a protein. Annotations for both results can be automatically corroborated by web-based validations using the SignalP tool [9, 10] and the Plant big-PI predictor website [11] respectively.
In order to provide validations and annotations for predictions based on AA biases, string-based patterns, signal peptides and GPI anchors, Prot-Class conducts BLAST similarity searches for each specific protein that is predicted to be a member of the family. This automated step allows the identification of other potential family members that could not be detected due to threshold restrictions and also provides insight into the validity of the Copyright © 2012 SciRes.
Openly accessible at http://www.scirp.org/journal/ns/ prediction through a comparison against the annotated functionality of the similarity matches. The impact of string-based patterns is represented through the breakdown of all repeated subsequences within a specific protein. In addition to the automatic annotations for the proteins, the user can manually annotate the classified sequences. The resulting predictions, classifications and annotations are displayed in Prot-Class via standard HTML tables. The annotated sequence information can be exported and shared between researchers and searched for specific keywords. The Prot-Class software consists of an object oriented framework for dynamically configuring and running complex in-silico experiments that are well documented, repeatable, and easily extended. In order to support the complex classification, various parts of the framework are parallelized using the Perl Parallel: Fork Manager. The base class of the application is an operational manifest handling operations in regard to the motif classification tasks. These functions include the parsing of genomic databases and logging of results. All specific classes of experiments are derived from this "manifest" base class and implemented using specific logic rules.
The experimental framework is written in Perl and hosted to run as a web service. The source code is available through the Google Code Repository (http://code. google.com/p/prot-class/) under the GNU General Public License v3.
RESULTS
HRGP families contain unique biased AA compositions and/or AA sequences that make them ideally suited for identification with the Prot-Class program. AGPs are rich in P, A, S, and T. In order to identify putative AGPs from the Arabidopsis proteins, sequences with a PAST content of 50% or more were examined. Since some AGPs are known to be short, sequences having a PAST content of 35% or more and being 50 -90 AAs in length, were also considered. The Arabidopsis protein sequences were also examined with respect to the presence of fasciclin sequences in order to identify fasciclin-like AGPs (FLAs). In addition to the discovery of AGPs, Arabidopsis proteins were classified with respect to other HRGP related subfamilies (EXTs and PRPs).
All HRGP sequences were subsequently examined for repeating AA sequences, signal peptides, and GPI anchor addition sequences. The resulting HRGPs identified by the program are shown in Table 1 . Table 1 also shows HRGPs identified by previous studies [8, 12] .
This tool resulted in the identification of several new AGP, EXT, and PRP family members as well as confirmed the existence of several of these sequences from previous studies. Schultz et al. [8] previously utilized a bioinformatics approach to identify candidate AGP genes from Arabidopsis. In contrast to this study, only 52 AGPs [including 17 classical AGPs, 10 AG-peptides, 21 (chimeric) FLAs and four other chimeric AGPs] were identified.
In conclusion, this tool was effective in confirming and identifying new HRGP gene/protein family members in Arabidopsis. Use of this tool to identify HRGPs in other plant species is now possible. This tool, however, is of general use and can be easily applied by the user to identify other protein family members in any species having protein sequence data.
